The objective of the current review was to update the previous evidence-based medicine review of treatments for restless legs syndrome published in 2008. All randomized, controlled trials (level I) with a high quality score published between January 2007 and January 2017 were reviewed. Forty new studies qualified for efficacy review. Pregabalin, gabapentin enacarbil, and oxycodone/naloxone, which did not appear in the previous review, have accrued data to be considered efficacious. Likewise, new data enable the modification of the level of efficacy for rotigotine from likely efficacious to efficacious. Intravenous ferric carboxymaltose and pneumatic compression devices are considered likely efficacious in idiopathic restless legs syndrome. Bupropion and clonidine were reviewed, but the lack of data determined a rating of insufficient evidence for efficacy. The following interventions continue to be considered efficacious as in 2008: levodopa, ropinirole, pramipexole, cabergoline, pergolide, and gabapentin. Bromocriptine, oxycodone, carbamazepine, and valproic acid are considered likely efficacious. Oral iron is nonefficacious in iron-sufficient subjects, but its benefit for patients with low peripheral iron status has not been adequately evaluated. Restless legs syndrome augmentation has been identified as a significant long-term treatment complication for pramipexole more than pregabalin and possibly for all dopaminergic agents more than a2d ligands. Therefore, special monitoring for augmentation is required for all dopaminergic medications as well as tramadol. Other drugs also require special safety monitoring: cabergoline, pergolide, oxycodone, methadone, tramadol, carbamazepine, and valproic acid. Finally, we also highlighted gaps and needs for future clinical research and studies of restless legs syndrome. V C 2018 International Parkinson and Movement Disorder Society K e y W ord s: restless legs syndrome (RLS); evidence-based medicine;
M D S C O M M I S S I O N E D R E V I E W S
For almost 25 years patients with restless legs syndrome (RLS) have been examined in controlled trials. It is evident that the most common treatment side effect encountered in RLS, "augmentation," is related to dopaminergic treatment. Augmentation emerges as an adverse effect with the longer-term use of these medications. Dopaminergic drugs were approved for RLS treatment between 2004 and 2008. Nondopaminergic substances, such as a2d ligands and opioids, have been investigated in recent research programs. They appear to be as effective as dopaminergic treatment, can be used according to clinical needs, and provide alternative initial treatments for RLS. At this time, the use of these drugs is somewhat less frequent worldwide than dopaminergic medications, as only gabapentin enacarbil has received approval for the treatment of RLS in the United States and Japan. Clinical experience with very long-term use of nondopaminergic drugs in RLS has generally not been published. However, some agents have been evaluated in trials lasting 1 year and, unlike dopaminergic medications, have not been shown to cause augmentation. Gaps remain between current treatment trials and clinical practice, as treatment studies have failed to address certain issues, such as the use of combinations of drugs and divided doses over the day, as well as the optimal management of augmentation under dopaminergic treatment. Independently, many case studies of various interventions have been reported. Still, there is no new class of pharmacological substance available for patients, and aside from iron replacement, only symptomatic treatment strategies are used.
To assess the current state of treatment for RLS and its implications for clinical practice and to ascertain which gaps in the knowledge need to be bridged, it was necessary to perform an update of the previous International Parkinson and Movement Disorder Society (MDS) evidence-based review of the literature. Consequently, the MDS commissioned a task force to perform an evidence-based review of current treatment strategies in RLS. 1 The members of this MDSappointed task force, who are also the authors of the present article, are movement disorder and/or sleep specialists with extensive experience in treating RLS from Europe, Asia, and North America.
Strategic Options
In this review, the task force evaluates the therapeutic efficacy of each drug, and reports on implications for clinical practice and research using the methodology standardized by the MDS Committee for Evidence-Based Medicine and used in the previous review (2008) . 2 The task force has also chosen to include a section on augmentation but decided not to address the effect of medication on associated conditions such as depression, sleep, and periodic leg movements. Single treatments are reviewed independently rather than as part of a management strategy. As in the previous review, combination therapies have not yet been investigated in level I RLS trials and therefore could not be reviewed. The task force's recommendations for practical use are given in the Implications for Clinical Practice sections after the conclusions for each drug or class of drugs. These recommendations cannot take into account countryspecific regulations, and therefore the task force is only able to provide a general summary, including recommendations for clinical practice, but does not provide guidelines for RLS treatment.
Efficacy was determined through the evaluation of level I studies; lower-quality studies were not reviewed (see Table 1 for levels of evidence). All conclusions were agreed on by the members of the task force. Definitions for specific recommendations are given in Table 2 . This evidence-based review does not include quantitative summaries (no meta-analyses were conducted) of the different data sets. The qualitative approach, such as the one undertaken here, is an important contribution to highlight the evidence available and facilitates the inclusion of some subjectivity and expert opinion. This is explicitly limited to the 2 sections within each paragraph titled: (1) Implications for Clinical Practice and (2) Implications for Clinical Research.
Methodological limitations of this review have been identified. Although publications in some non-English languages were not reviewed, the literature search included English and several non-English languages (Italian, French, German, and Portuguese). This language bias may have inflated positive results. [3] [4] [5] Another methodological limitation is caused by the primary sources of evidence being electronic databases, which provide incomplete lists of articles. 6 
Aims and Goals
The aims of this evidence-based review were to evaluate the evidence on therapeutic interventions for RLS. The current review includes articles published between January 2007 until January 2017. The clinical efficacy, safety, and RLS-specific safety problems of these interventions are evaluated. In addition, the implications of this evidence for clinical practice are considered.
Similarly to the previous review, the specific goals of the current review were to:
1. Review the literature and identify the clinical evidence that supports specific pharmacological and nonpharmacological treatments for RLS; 2. Determine which studies are scientifically sound so they can be used as evidence to support or condone specific treatments in clinical practice;
3. Identify where specific evidence is lacking, so future research efforts may be directed toward addressing these specific areas of need; and 4. Separately identify the RLS-specific side effect, which is augmentation.
Methods
The methodological approach taken was that defined by the MDS Committee of Evidence-Based Medicine with specific adjustments for RLS (see supplementary material for details of methods and Supplementary Evidence Tables e-1 and e-2 
Evidence-Based Conclusions
Following a review of the literature, the EBM task force members determined the quality of evidence provided by the studies (see table 3 ) and reached a consensus on the efficacy and safety of each therapeutic intervention (Table 4) , as well as implications for clinical practice and research. For those therapeutic agents for which data were lacking, the task force was unable to make a relevant recommendation pertaining to efficacy. Where no evidence was available, this was clearly stated. The criteria for specific recommendations are summarized in Table 2 . No treatment recommendations according to the quality of evidence were made.
Results

General Remarks
All new studies included in the current review include patients with moderate to severe RLS symptoms and normal ferritin levels. The conclusions are presented and compared with the previous treatment guidelines 2 in Table 4 , with new conclusions appearing in bold typeface. Evidence suggests that the intervention does not have a positive effect on studied outcomes; supported by data from any level I trial without conflicting level I data
Dopaminergic Agents
Levodopa: No New Conclusions
Since 2007 no further studies have been published that qualify for inclusion in this review. Previously, 9 randomized, controlled trials [7] [8] [9] [10] [11] [12] [13] [14] [15] (level I) qualified for inclusion. Of these, only 2 14,15 meet the current inclusion criteria (see supplementary material).
Conclusions. Levodopa is considered efficacious for the treatment of idiopathic RLS as well as in patients with RLS undergoing hemodialysis.
Safety. Levodopa is considered to pose an acceptable risk but requires special monitoring for augmentation.
Implications for Clinical Practice. Levodopa is considered clinically useful for RLS treatment. However, augmentation has been reported to develop at all dosages with continued daily use, but more commonly at doses 200 mg.
Implications for Clinical Research. Long-term trials of intermittent use, either as monotherapy or add-on therapy, a common context in which levodopa is used, would be valuable to determine the risk of these schedules of use of levodopa for RLS.
Nonergot-Derived Dopamine Agonists
Rotigotine: 5 New Studies [16] [17] [18] [19] [20] ; New Conclusion: Efficacious One randomized, controlled trial (level I) qualified for inclusion in the previous review 21 ; 5 more-recent studies qualify for inclusion in the present review (see supplementary material). [16] [17] [18] [19] [20] Were the eligibility criteria used suitable for the study?
Measurement
Item 7
Was assignment to treatments stated to be random? Item 8 If yes, was the method of randomization explained? Item 9
Were all patients accounted for after randomization? Item 10
Were losses to follow-up low (<10%)? Item 11
Were the treatment groups similar in important factors at the start of the trial? Item 12
Were all patients otherwise treated alike? Item 13 Were patients, health care workers, and investigators blinded to treatment? Item 14 Was the assessment of outcome blind? Item 15 Was the occurrence of side effects explicitly looked for? Item 16 If yes, were estimates of their frequency and severity given?
Statistical analysis
Item 17
Was the main analysis on "intention to treat"? Item 18 If no, was a sensitivity analysis performed? Item 19 Were additional clinically relevant factors allowed for? Item 20 Were appropriate statistical methods used? Item 21 If subgroup analyses were done, were they explicitly presented as such? Percentage of the points from the maximum score from all items Score 2
Percentage of the points from the maximum score from the items applicable to this paper 
Conclusions. The new level I studies reported here enable the efficacy conclusion for transdermal rotigotine to be changed from likely efficacious to efficacious at doses of 2-3 mg. There is insufficient evidence for the 1-mg dose, and 0.5 mg is considered nonefficacious.
Safety. Acceptable risk with special monitoring for local site reactions and augmentation.
Implications for Clinical Practice. There is sufficient evidence to conclude that rotigotine transdermal patch is clinically useful for the management of RLS in patients with moderate to severe clinical symptomology. Special concerns about "sleep attacks" have not been raised, whereas application-site reactions have been relatively frequent.
Implications for Clinical Research. Long-term trials with rotigotine need to be undertaken to monitor local site reactions and augmentation, and dose and treatment duration dependence need to be taken into consideration. Similarly to pramipexole and ropinirole, further study is needed exploring the biology of augmentation and possible methods to reduce the risk and severity of its occurrence.
Ropinirole: 2 New Studies 22,23 ; No New Conclusions
Seven level I trials were included in the previous review. [24] [25] [26] [27] [28] [29] [30] These studies, varying in duration from 4 to 26 weeks, found ropinirole at mean doses between 0.78 and 4.6 mg to be effective in reducing RLS symptoms and improving quality of life and sleep parameters. Two more-recent studies qualify for inclusion in the current review (see supplementary material). 22, 23 Conclusions. Ropinirole (0.78 to 4.6 mg) is considered efficacious for treating RLS.
Safety. Ropinirole is considered to pose an acceptable risk, with special monitoring for augmentation. Only 1 study evaluated augmentation prospectively, reporting an incidence of 4% at 26 weeks. 23 From the available published clinical trials, there is no evidence that the incidence of adverse reactions is lower or higher than with any other available dopamine agonist, and there are no specific concerns about hypersomnolence in RLS patients. There has been no specific monitoring for dopamine dysregulation syndrome. The majority of level I studies of ropinirole last 12 weeks, whereas the more recent long-term study included in this current review followed patients for a total of 66 weeks (26 weeks double-blind and 40 weeks openlabel). This recent study 23 is also the first to prospectively evaluate the incidence of augmentation with ropinirole, finding an incidence of 4% at 26 weeks.
Implications for Clinical Practice. There is sufficient evidence to conclude that ropinirole is clinically useful for both RLS symptoms and improving sleep in patients with moderate to severe clinical symptomatology. One trial comparing ropinirole with gabapentin found that they were equally efficient in treating RLS, but this study only included 16 patients who were treated for 4 weeks. 24 Implications for Clinical Research. Given the high rate of augmentation for ropinirole, further study is needed exploring the biology of augmentation and possible methods to reduce the risk and severity of its occurrence.
Pramipexole: 6 New Studies [31] [32] [33] [34] [35] [36] 
; No New Conclusions
Five level I trials were included in the previous review [37] [38] [39] [40] [41] ; these studies, varying in duration from 3 to 12 weeks, found pramipexole at doses of 0.25, 0.50, and 0.75 mg to be effective in reducing RLS symptoms and improving quality of life. Six more-recent studies qualify for inclusion in the present review, [31] [32] [33] [34] 36 including 1 comparative trial. 35 These new studies range in duration from 6 to 56 weeks (see supplementary material).
Conclusions. Pramipexole (at doses of 0.25, 0.50, and 0.75 mg) is considered efficacious for the treatment of RLS.
Safety. Acceptable risk with special monitoring for augmentation.
Implications for Clinical Practice. There is sufficient evidence to conclude that pramipexole is clinically useful for the management of RLS in patients with moderate to severe clinical symptomology. Subjective reports of sleep, general RLS severity, and depressive and anxiety symptoms improved. Special concerns about "sleep attacks" have not been raised.
Implications for Clinical Research. Given the high rate of augmentation for pramipexole, further study is needed exploring the biology of augmentation and possible methods to reduce the risk and severity of its occurrence.
Ergot-Derived Dopamine Agonists
Since the previous review, no further study with an ergot-derived dopamine agonist in RLS has been published.
Cabergoline: No New Studies; No New Conclusions
Three randomized, controlled trials (level I) were included in the earlier review, 15, 42, 43 but only one of these, the abovementioned comparative study by Trenkwalder et al, 15 meets the current inclusion criteria. This study reported a statistically significant improvement in RLS symptoms with cabergoline (2-3 mg) compared with levodopa/benserazide (300/ 75 mg).
Conclusions. Cabergoline (2-3 mg) is considered efficacious for the treatment of RLS, but special monitoring is necessary.
Safety. Cabergoline is contraindicated in patients with a history of cardiac, pulmonary, or retroperitoneal fibrosis or signs of cardiac valve abnormalities; therefore, the task force concludes that cabergoline is considered to pose an acceptable risk, with cardiopulmonary monitoring for fibrosis as well as special monitoring for augmentation.
Implications for Clinical Practice (unchanged from previous review) 2 . There is sufficient evidence to conclude that cabergoline is efficacious for the management of RLS in patients with moderate to severe RLS including patients with daytime RLS. Sleep, and RLS severity, considerably improved. Cabergoline is the only dopamine agonist to be compared with levodopa in a large-scale controlled trial and has been shown to be superior to the latter.
It is important to note that in the United States, where the U.S. Food and Drug Administration has withdrawn the ergot-dopamine agonist pergolide from the market, cabergoline has only been approved for hyperprolactinemic disorders.
Implications for Clinical Research (unchanged from previous review) 2 . Long-term trials with cabergoline need to be undertaken with better monitoring of the potential side effects such as fibrosis (especially heart valve fibrosis), augmentation, and compulsive behaviors. Pregabalin is a new drug to appear in this review. Since the previous review, 3 randomized, controlled trials (level I), which examined the efficacy of pregabalin in more than 900 RLS patients over 6-52 weeks, have been published that qualify for inclusion. 35, 44, 45 No new side effects were observed compared with those already known from registration trials for the indications "seizure/epilepsy" and "neuropathic pain." The most frequently reported AEs were dizziness, somnolence, fatigue, and headache (see supplementary
Conclusions. Pregabalin is efficacious for the treatment of moderate to severe idiopathic RLS when given at doses between 150 and 450 mg/day, 1-3 hours before bedtime.
Safety. Acceptable risk without special monitoring.
Implications for Clinical Practice. Pregabalin is considered clinically useful and has been shown to be noninferior to pramipexole. Given that pregabalin is metabolized renally, lower doses may be necessary in older populations, who may also experience dizziness and somnolence. Side effects may be dose dependent. Pregabalin has been shown to improve sleep architecture. There have been suggestions that pregabalin may be preferentially effective in patients who describe their sensory discomforts as pain; however, the evidence for this is lacking.
Implications for Clinical Research. Although the evidence establishes pregabalin as clinically useful, longterm studies, studies in those with renal impairment, and data on withdrawal are lacking. Further studies are also needed to determine whether low doses may be efficacious in certain patients-dose effect using regression showed the greatest efficacy at doses of 150 mg.
Gabapentin Enacarbil: 7 New Studies 46-52 ; New Conclusion: Efficacious Trials on gabapentin enacarbil were not available at the time of the previous review. Since 2008, 7 randomized, controlled trials (level I), which examined the efficacy of gabapentin enacarbil in RLS, have been published that qualify for inclusion.
46-52 These 7 highquality studies, [46] [47] [48] [49] [50] [51] [52] ranging in duration from 2 to 12 weeks, indicate that gabapentin enacarbil is efficacious up to 12 weeks at a dose of 1200 mg. A high rate of dropouts compared with placebo is striking in several studies (see supplementary material). [46] [47] [48] [49] Conclusions. Gabapentin enacarbil is efficacious at a dose of 1200 mg. There is insufficient evidence to make a conclusion about the efficacy of the 600-mg dose, with 1 study showing efficacy at 600 mg 49 and 2 studies that did not. 46, 50 Safety. Acceptable risk without special monitoring.
Implications for Clinical Practice. There are no major safety concerns with gabapentin enacarbil. Adverse effects are fairly common and include dizziness and somnolence, which should be specifically
monitored in older patients. Side effects may be dose dependent. Gabapentin enacarbil has not been used in divided doses in the abovementioned trials. No longterm studies > 12 weeks are available, and long-term efficacy needs to be studied.
Implications for Clinical Research. The available evidence establishes the usefulness of gabapentin enacarbil in RLS over the short term and as a potential initial treatment for RLS. As with all a2d ligands, there is a clinical suggestion that gabapentin enacarbil may be preferentially effective in patients whose RLS symptomatology is focused on sensory discomforts, and the sedative aspect of the drug might be especially helpful in those with RLS emergent primarily at sleep onset or with an additional insomnia problem. Longterm studies on both efficacy and safety are needed.
Gabapentin: No New Studies; No New Conclusions
Four level I trials were included in the previous review 14, 24, 53, 54 ; these studies varied in duration from 4 to 12 weeks. Gabapentin has been studied in comparison with other agents: a dopamine agonist 24 in the treatment of idiopathic RLS and a levodopa preparation in the treatment of patients with RLS and renal failure on dialysis.
14 In patients with normal kidney function, effective doses were within the range typically used for seizure or pain control. 54 However, much lower doses were used in the dialysis samples because gabapentin is eliminated renally.
Conclusions.
Gabapentin is efficacious for the treatment of RLS at a dose of 800 mg, and at 200 mg for patients undergoing hemodialysis.
Safety. Acceptable risk without special monitoring.
Implications for Clinical Practice. Gabapentin is used off-label in RLS patients in several countries. A combination treatment of gabapentin together with other medications is used, but has not been investigated. There are no major safety concerns with gabapentin. Side effects are fairly common, and older patients may experience dizziness, somnolence, and peripheral edema. Side effects may be dose dependent. Unlike dopaminergic agents, gabapentin has been used in divided doses in trials.
Implications for Clinical Research. Although the evidence establishes the usefulness of gabapentin in RLS, there have not yet been the large multicenter studies that can provide a better estimate of the range of benefits and safety issues. There is a clinical suggestion that gabapentin may be a useful supplementary medication for those on dopaminergic therapy in RLS, and this combination modality should be explored further. There has also been a suggestion in some reports that gabapentin may be preferentially effective in patients who describe their sensory discomforts as pain and that more severe RLS may not respond to gabapentin; however, the evidence for these limitations is not conclusive. Another issue is whether the sedative aspect of the drug might be especially helpful in those with RLS emergent primarily immediately before or during sleep.
a2d Ligands: General Implications for Clinical Research
This group of medications is an attractive therapeutic alternative to dopaminergics, particularly for initial treatment. They have been found to have more or equivalent efficacy to therapeutic doses of the dopamine agonists, and they do not have the dopaminergic problems of augmentation, compulsive behaviors, or profound daytime sleepiness. Gabapentin has been used for many years for pain without showing any unexpected long-term complications, but similar experience is not available for RLS. The other 2 a2d ligands, gabapentin enacarbil and pregabalin, are relatively new, so clinical experience for more than 2-4 years is limited, but so far there have been no reports of the emergence of unexpected adverse effects with longer-term use. The a2d ligands have an advantage of improved sleep and no significant augmentation, but they are limited by the adverse effect of dizziness, which may be a problem for older patients. In addition, daytime sleepiness may be a problem. It would be useful to provide a clinical case series of long-term use of these drugs and to have long-term clinical trials comparing these with the longer-acting dopaminergic agents. Finally, in RLS patients consuming alcohol or taking other classes of drugs for comorbidity, the interaction and additive effects of anticonvulsants have to be taken into account.
Opioids
Oxycodone-Naloxone: One New Study 55 
; New Conclusion: Efficacious for Treatment-Resistant RLS
One level I study in 304 subjects qualified for inclusion in the present review. 55 This was a 12-week study that sought to assess the efficacy and safety of a fixeddose combination of prolonged-release oxycodone-naloxone (5.0/2.5 mg twice daily uptitrated to a maximum dose of 40/20 mg twice daily) in patients with severe RLS (see supplementary material).
Conclusions. Based on this high-quality level I study, oxycodone-naloxone (mean dose, 21.9 mg) is
considered efficacious in patients with severe treatment-resistant RLS.
Safety. Acceptable risk with special monitoring in those with addictive tendencies. Possible sleep-related respiratory problems should be monitored.
Implications for Clinical Practice. This high-quality study has demonstrated that oxycodone-naloxone is efficacious and well tolerated in patients with severe RLS-the mean International RLS Study Group Rating Scale (IRLS) total score at baseline was 28.6 in the above study-and in those who are resistant to treatment with other drugs.
Implications for Clinical Research. See Opioids: General Implications for Clinical Research, below.
Oxycodone: No New Studies; No New Conclusions
One level I study 56 was included in the previous review. No further studies of oxycodone alone (see above for oxycodone-naloxone) have been published, and therefore the previous conclusions remain unchanged.
Conclusions. Based on 1 controlled study, 56 oxycodone is likely efficacious for the relief of the symptoms of RLS in those with significant daily symptoms and is widely used in various countries for pain syndromes. For pain relief, oxycodone is usually prescribed in combination with other nonopioid analgesics. It is also available in an extended-release formulation. It has been subject to abuse in its immediate-release form or when the extended-release formulation is used improperly.
Safety. Acceptable risk with special monitoring in those with addictive tendencies. Possible sleep-related respiratory problems should be monitored. 
Opioids: General Conclusions
As stated in the previous review, 2 opioids when taken at a sufficient analgesic dose cause a series of minor and major adverse effects. Dizziness, nausea, vomiting, urinary retention, and constipation can all occur with recommended doses. Respiratory depression is a major concern, especially at higher doses or with the more potent agents. This was addressed in 1 long-term case series that did not qualify for inclusion in the efficacy part of this review, but reported respiratory depression in RLS patients under opioid medication. 57 This is of greater concern in those with preexisting respiratory compromise. When treating patients with opioids, it is necessary to be aware of the addiction potential, especially in those with preexisting addictive tendencies or a known history of addiction. In clinical practice opioid-opioid interactions should be a caveat in patients cotreated by several doctors or for those with RLS and other pain conditions.
Opioids: General Implications for Clinical Practice
Oxycodone combined with naloxone is considered clinically useful for the treatment of severe treatmentresistant RLS at a mean dose of 21.9/11.0 6 7.5 mg up to 12 weeks. Oxycodone alone is likely efficacious, as concluded from the single controlled study available. Many patients are treated with opioids, either as a monotherapy or in combination with dopaminergic drugs, although trials of combination therapy are not available. It is noted, however, that other opioids such as tramadol are often used to treat RLS. Little is known about the long-term efficacy in RLS. Special monitoring is required to avoid addiction in those with addictive tendencies, and possible sleep-related respiratory problems need to be monitored.
Opioids: General Implications for Clinical Research
The major issue with opioids is the small number of controlled studies. The single randomized, controlled trial of oxycodone-naloxone 55 covers only one of the drugs that is commonly used in the clinical setting to treat RLS. Two major issues in the studies of these medications have been the reluctance of the manufacturers to extend the range of opioid indications and the problems of dependence and the related controlled status of opioids. Additional controlled and comparative studies would be very beneficial, especially if they focused on methadone and tramadol, which were excluded from this review due to lack of new published studies, as well as combinatory therapies with dopaminergics.
Antidepressants
Bupropion: 1 New Study; New Conclusion 58 
: Investigational
Bupropion, a dopamine-enhancing substance, did not appear in the previous review. Since then, 1 randomized, controlled study (level I) 58 in patients with idiopathic RLS has been published that qualified for inclusion in the current review (see supplementary material).
Conclusions. This 1 small, underpowered study provides insufficient evidence to make a conclusion about the efficacy of bupropion for the treatment of RLS.
Safety. There is insufficient evidence to make a conclusion on the safety of bupropion in RLS.
Implications for Clinical Practice. Bupropion is considered investigational for the treatment of RLS.
Implications for Clinical Research. Sufficiently powered studies are needed to establish the efficacy of bupropion in RLS and to investigate whether adding bupropion to a selective serotonin reuptake inhibitor (SSRI) would improve SSRI-induced symptoms of RLS.
Clonidine: Review of Clinical Studies; No New Studies; Previous Conclusion Revised According to Current Criteria
One level I study 59 was included in the previous review. No further studies have been published, and therefore the previous was revised from efficacious to investigational in accordance with the current criteria.
Conclusions. Clonidine is investigational in RLS for those patients who are primarily bothered by symptoms at bedtime.
Safety. The major side effects of clonidine are xerostomia and sedation, with some patients having mental changes and headache.
Implications for Clinical Practice. Clonidine is considered investigational for the treatment of RLS.
Implications for Clinical Research. The ability of clonidine to benefit RLS patients or a subcategory of bedtime-onset RLS patients needs to be better established by larger, well-designed controlled trials. It remains open to discussion whether clonidine should be considered for future RLS trials with respect to its side-effect profile.
Minerals and Vitamins
Oral Iron Preparations (Oral Ferrous Sulfate): 1 New Study 60 
; No New Conclusions
One randomized, controlled study 61 (level I) in patients with idiopathic and secondary RLS qualified for inclusion in the previous review, and a case series 62 (level III) examining the efficacy of oral iron in idiopathic RLS and not RLS secondary to iron deficiency was also included. One new study has been published in patients with idiopathic RLS. 60 As an exception to the inclusion criteria, this study is presented in the supplementary material despite a low quality score to demonstrate the level of evidence available for oral iron therapy in RLS. The 2 level I studies available have conflicting conclusions. A previous study by Davis et al 61 reported unlikely therapeutic benefit from oral iron to patients with adequate iron body stores. The study by Wang et al. 61 on the other hand, reported a possible benefit to patients with low-normal serum ferritin (see supplementary material). So far, no level I studies have been published in iron-deficient RLS patient groups.
Conclusions. There is insufficient evidence to make a conclusion about the efficacy of oral ferrous sulfate.
Safety. Oral ferrous sulfate is considered to have an acceptable risk without the need for special monitoring.
Implications for Clinical Practice (unchanged from previous review) 2 . Oral ferrous sulfate is considered possibly useful in clinical practice.
There is a possibility of iron overload in those with tendencies toward iron retention, especially hemochromatosis. Therefore, iron status needs to be monitored before and periodically during treatment. The major adverse effects involve gastrointestinal discomfort, especially constipation, but also include nausea, reflux, abdominal pain, and diarrhea.
Implications for Clinical Research (unchanged from previous review) 2 . The efficacy and safety of oral iron treatment, especially in those with low iron indices, need to be further established by well-designed, well-controlled trials. It may be useful to examine different oral formulations beyond ferrous sulfate, such as ferrous fumarate or ferrous gluconate.
Intravenous Ferric Carboxymaltose
Review of Clinical Studies: 2 New Studies 63,64 ; New Conclusion: Likely Efficacious
Intravenous ferric carboxymaltose appears for the first time in this review, as no studies were available at the time of the previous review. Since then 2 randomized, controlled trials have been published. 63, 64 These studies assessed the efficacy of ferric carboxymaltose (either as 2 3 500-mg infusions 63 or 1 3 1000-mg infusion 64 at 4-week 63 and 6-week 64 end points (see supplementary material).
Conclusions.
Intravenous ferric carboxymaltose (1000 mg) is considered to be likely efficacious for the treatment of RLS.
Safety. Intravenous ferric carboxymaltose is considered to present an acceptable risk without special monitoring. Some regions require intravenous iron formulations to be administered in a facility with cardiac resuscitation.
Implications for Clinical Practice. Intravenous ferric carboxymaltose is considered possibly useful in clinical practice.
Implications for Clinical Research. More data are required to confirm the efficacy of intravenous ferric carboxymaltose; in particular, larger studies are needed.
Intravenous Iron Sucrose
Review of Clinical Studies: 2 New Studies 65,66 ; New Conclusion: Insufficient Evidence Intravenous iron sucrose is a new drug to appear in this review, as no studies were available at the time of the previous review. Since then 2 randomized, controlled trials 65, 66 have been published that examined the efficacy of iron sucrose in RLS, but only one of these, an 11-week study of 1000 mg iron sucrose, 66 qualifies for inclusion (see supplementary material).
Conclusions. There is insufficient evidence to make a conclusion about the efficacy of intravenous iron sucrose.
Safety. Intravenous iron sucrose is considered to have an acceptable risk without the need for special monitoring. There is a possibility of iron overload in those with tendencies toward iron retention, especially hemochromatosis. Therefore, iron status needs to be monitored before and periodically during treatment.
Implications for Clinical Practice. Intravenous iron sucrose is considered investigational for clinical practice.
Implications for Clinical Research. More randomized, controlled studies are needed to examine the efficacy of intravenous iron sucrose in RLS, both with and without iron deficiency. In addition, long-term studies of intravenous iron sucrose are needed with special emphasis on the possibilities of iron overload and respective adverse events.
Intravenous High-Molecular-Weight Iron Dextran (note that this formulation has been removed from the market in most of the world and is only listed here for exhaustivity)
Review of Clinical Studies: No New Studies, No New Conclusions
One randomized, controlled study 67 and 2 level III studies were included in the previous review. No further studies have been published, and therefore the previous conclusions remain.
Conclusions (unchanged from previous review) 2 . One level I study has shown intravenous high-molecularweight (HMW) iron dextran to likely be efficacious for the treatment of RLS secondary to end-stage renal disease. However, the waning of effectiveness at 4 weeks indicates that this treatment may need to be repeated, if that is tolerable. Two level III trials of intravenous HMW iron in RLS without renal failure were positive, but because of the lack of controlled trials, intravenous HMW iron must remain investigational for those RLS patients with normal renal function with special monitoring.
Safety. Because of concerns about anaphylactic reactions, HMW iron dextran is considered to present an unacceptable risk.
General Conclusions on Iron
It needs to be stressed that the iron formulations differ in bioavailability, mode of action, and route of application (oral versus intravenous). Therefore, they are treated separately as different medications. The only formulations for which sufficient evidence enables a conclusion to be drawn are intravenous ferric carboxymaltose, which is considered likely to be efficacious for the treatment of RLS, and HMW dextran, which is considered likely to be efficacious for treatment of RLS secondary to end-stage renal disease. For all other formulations, both oral and intravenous, there is insufficient evidence to make any conclusions. Further controlled trials in larger cohorts are warranted with all iron formulations.
All intravenous iron formulations, similarly to oral iron formulations, require long-term monitoring for the development of iron overload and/or toxicity, with careful attention to the possibility that patients may have a tendency toward hemochromatosis.
Implications for Clinical Practice -Oral Versus Intravenous Iron Administration (unchanged from previous review) 2 The gastrointestinal side effects so prominent with oral iron do not occur with intravenous iron therapy. However, there is the same, if not greater concern about a toxic iron overload. In addition, with the HMW dextran formulation, the risk of an anaphylactic reaction has been reported. The risk is higher in those with preexisting autoimmune or rheumatoid disorders and can occur in as many as 3% of those given this formulation. Fortunately, this formulation has been taken off the market. Anaphylactic reactions are very rare for low-molecular-weight iron dextran and other nondextran intravenous iron formulations.
Implications for Clinical Research
The efficacy and safety of intravenous iron need to be established with larger, well-designed controlled trials. A particular issue is how long the treatment effects last
and whether repeated doses will lead to adverse effects of iron accumulation. Intravenous iron formulations that do not contain polymerized dextran, for example, ferric carboxymaltose, sodium ferric gluconate, and iron sucrose, to date have not been associated with anaphylaxis. Moreover, it may be important to note the relative lack of efficacy of the intravenous iron formulations that release iron rapidly into the blood (eg, iron sucrose) compared with those that release the iron very slowly over many hours (eg, ferric carboxymaltose). This may reflect the issues of iron management and transport to the brain. It will be important to investigate these matters further. In general, we need to know more about how iron is handled in RLS, which may be a primary abnormality in many patients, and the causal role of iron deficiency for some RLS patients. Moreover, as RLS is a heterogeneous disorder, there may be subgroups of patients who tend to respond differently to iron, and they need to be identified.
Vitamins C and E
Review of Clinical Studies; 1 New Study 68 ; New Conclusion: Likely Efficacious for the
Treatment of RLS in Uremic Patients
Vitamins C and E did not appear in the previous review. Since then 1 randomized, controlled study in uremic RLS has been published, which meets the current inclusion criteria. 68 This single-center trial reported the efficacy of vitamins C and E in improving RLS symptoms over the short term in uremic patients (see supplementary material).
Conclusions. Vitamins C (200 mg) and E (400 mg) treatment are likely efficacious in uremic patients.
Safety. Vitamins C and E pose an acceptable risk without special monitoring.
Implications for Clinical Practice. Vitamins C and E are considered possibly useful for the treatment of RLS in patients undergoing hemodialysis. One randomized, controlled trial 70 was included in the previous review, and 1 new randomized, controlled trial assessing 3 weekly intradialytic cycling sessions has been published since then that meets inclusion criteria. 69 Conclusions. An exercise regimen, as provided (see supplementary material), is considered likely efficacious in reducing RLS symptoms in uremic patients.
Implications for Clinical Practice (unchanged from previous review) 2 . An exercise regimen, as provided (see supplementary material), is possibly useful in clinical practice. Exercise can cause difficulty in those in a deconditioned state and may be the cause of various injuries. Therefore, all individuals entering an exercise program should be screened to be sure they were not at greater risk for injury or strain.
Implications for Clinical Research (unchanged from previous review) 2 . Because exercise has many components and can be done at various times of the day, it may be important to define just which aspects of exercise contribute to alleviating RLS and when is the optimal time of day to exercise.
Pneumatic Compression Devices
Review of Clinical Studies: 1 New Study; New Conclusion: Likely Efficacious
The previous review included no studies on pneumatic compression devices (PCDs). Since then 1 randomized, sham-controlled trial has been published that meets the inclusion criteria of the present review (see supplementary material). 71 Conclusions. PCDs are considered likely efficacious in RLS.
Safety. PCDs are considered to pose an acceptable risk without the need for special monitoring.
Implications for Clinical Practice. PCDs are considered possibly useful in clinical practice and may be an effective adjunctive therapy for RLS treatment.
Implications for Clinical Research. Additional shamcontrolled studies should be performed to confirm the efficacy of this treatment for RLS and determine its mechanism of action so that other, more practical solutions addressing the same mechanism can be developed.
Excluded From the Current Review
Trials investigating the efficacy of carbamazepine, valproic acid, topiramate, methadone, tramadol, clonazepam, zolpidem, amantadine, folic acid, magnesium, and external counterpulsation were included in the previous review. None of these studies meet current inclusion criteria, and no further trials have been published, and therefore, according to the current evaluation criteria, these drugs and interventions are all considered investigational for RLS treatment.
Augmentation
Augmentation, an iatrogenic worsening of RLS symptoms following treatment with dopaminergic agents, has been recognized as an important issue in the management of RLS. Consequently, in addition to evaluating the efficacy of drugs in treating RLS, the task force reviewed each study for data on augmentation. Despite the number of quality studies reviewed, only 6 studies 23, 32, 35, 55, 69, 72 assessed augmentation prospectively (see supplementary material). Given the sparse data and the variable durations and methods for evaluating augmentation in the abovementioned studies, it is impossible to make any evidence-based recommendations on augmentation.
Discussion
Since the first evidence-based review, the RLS field has made important strides by developing new drugs. The new data accrued in the last 10 years in highquality trials have enabled updated conclusions on treatment options already studied in the previous review, but more important are the inclusion of pregabalin, gabapentin enacarbil, and oxycodone/naloxone, which were not mentioned in the previous review, and their classification as efficacious for the treatment of RLS, expanding the range of treatment options for RLS. However, further studies are needed to evaluate their use over the long term and to compare them with dopamine agonists. Furthermore, no study has explored combined therapies or addressed if the order of substances given has any influence on the course of RLS. In addition, in most studies, the medication was administered in the evening, in contrast with clinical practice in which the dose is often divided and adjusted to the time of daily onset of symptoms. Future studies should address these issues. Overall, all the medications discussed here can be classified as symptomatic treatments, but their precise mode of action in RLS is not known.
The evaluation of augmentation is limited, as only a few studies have assessed augmentation, and the methods used were variable, which make comparisons difficult. A recent task force established by the International Restless Legs Syndrome Study Group in conjunction with the European Restless Legs Syndrome Group and the RLS Foundation developed consensus-based recommendations for the prevention and treatment of long-term pharmacologic treatment of dopaminergic-induced augmentation in RLS. 73 These joint guidelines are based on expert opinion rather than on an evidence-based literature review.
They highlight the difficulties encountered when diagnosing augmentation and at the same time the lack of existing data on the treatment of augmentation. Finally, the group was able to conclude that the likelihood of augmentation increases with duration of treatment with dopaminergic agents. Future research on the basic mechanisms of augmentation in RLS is urgently needed to understand this phenomenon. In the future, treatment recommendations should be revised to address the prevention as well as the management of augmentation.
The identification of genetic risk variants and the functional follow-up of these variants have enabled the establishment of new concepts for the pathophysiology of RLS. Future studies should take the genomic profile of patients into account to provide a more tailored therapy for specific subgroups of RLS. Finally, we want to emphasize that this article provides a comprehensive evidence-based review of existing treatment studies but not guidelines for treating RLS. However, this document can be used as a base to set up treatment guidelines, which can be adjusted for different countries by taking local regulations and the availability of medications into account.
